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Abstract 

Background: It remains unclear whether the increased risk of colorectal cancer (CRC) associated with obesity 
differs by gender, distribution of fat, tumour location and clinical (TNM) stage. The primary aim of this study was 
to examine these associations in 584 incident colorectal cancer cases from a Swedish prospective population-based 
cohort including 28098 men and women. 

Methods: Seven anthropometric factors; height, weight, bodyfat percentage, hip circumference, waist 
circumference, BMI and waist-hip ratio (WHR) were categorized into quartiles of baseline anthropometric 
measurements. Relative risks of CRC, total risk as well as risk of different TNM stages, and risk of tumours located to 
the colon or rectum, were calculated for all cases, women and men, respectively, using multivariate Cox regression 
models. 

Results: Obesity, as defined by all anthropometric variables, was significantly associated with an overall increased 
risk of CRC in both women and men. While none of the anthropometric measures was significantly associated with 
risk of tumour (7>stage 1 and 2 tumours, all anthropometric variables were significantly associated with an 
increased risk of T-stage 3 and 4, in particular in men. In men, increasing quartiles of weight, hip, waist, BMI and 
WHR were significantly associated with an increased risk of lymph node positive (N1 and N2) disease, and risk of 
both non-metastatic (MO) and metastatic (M1) disease. In women, there were no or weak associations between 
obesity and risk of node-positive disease, but statistically significant associations between increased weight, bodyfat 
percentage, hip, BMI and MO disease. Interestingly, there was an increased risk of colon but not rectal cancer in 
men, and rectal but not colon cancer in women, by increased measures of weight, hip-, waist circumference and 
bodyfat percentage. 

Conclusions: This study is the first to show a relationship between obesity, measured as several different 
anthropometric factors, and an increased risk of colorectal cancer of more advanced clinical stage, in particular in 
men. These findings suggest that risk of CRC differs according to the method of characterising obesity, and also 
according to gender, location, and tumour stage. 



Background 

Colorectal cancer (CRC) is the third most common ma- 
lignancy in developed countries with approximately 1 
million new cases every year [1]. Life style factors may 
contribute to the aetiology of several cancer forms [2], 
including CRC and, since they are modifiable, a better 
understanding of the associations between lifestyle- 
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related factors and CRC risk may be of importance in 
order to develop novel strategies for prevention of the 
disease. 

Numerous epidemiological studies and meta-analyses 
have examined the relationship between body weight 
and body mass index (BMI) and CRC, mainly risk of 
colon cancer, and most studies have shown a positive re- 
lationship between a high BMI and risk of colon cancer 
in men, whereas weak or no associations were reported 
in women [3-16]. The reasons for the apparently dis- 
crepant associations between BMI and CRC risk in men 
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and women remain unclear. Due to inconsistencies in 
the definition of obesity, the results of epidemiologic 
studies may be somewhat difficult to generalize, al- 
though the majority of studies have used BMI as the 
principal measure of adiposity. The discrepancy between 
men and women in the association of body weight with 
CRC may be related to differences in fat distribution be- 
tween the sexes. A high BMI in men is more closely 
related to central/abdominal obesity, whereas in women, 
a high BMI more often correlates with lower body obes- 
ity, measured as hip circumference [17]. Some prospect- 
ive studies have investigated the association of body fat 
distribution measured as waist-, hip circumference and 
waist-hip ratio (WHR) and CRC risk [6,8,12,13,18-23]. 
All of these studies found waist circumference to be 
associated with an increased risk. However, in most of 
these studies, waist- and hip measurements were self- 
reported rather than measured [8,20,23]. One large study 
[6] has shown that both waist circumference and WHR 
are strongly related to CRC risk in both men and 
women, supporting the hypothesis that abdominal obes- 
ity is a risk factor for CRC in both sexes and suggesting 
that fat distribution is more important than body weight 
or BMI in women. 

A small number of studies have examined associations 
of other anthropometric factors than BMI and CRC risk 
according to tumour location; i.e. colon or rectum 
[4,6,14,22]. Most of these studies found no association 
with body weight or BMI according to location, while 
one study has shown an increased risk of rectal cancer 
in overweight/obese men [14]. 

To our knowledge, only two previous studies [13,18] 
have addressed the question of whether obesity is asso- 
ciated with an increased risk of developing CRC of dif- 
ferent clinical (TNM) stages, based on the extent of the 
tumour (T), the extent of spread to the lymph nodes 
(N), and the presence of distant metastasis (M). The aim 
of this study was therefore to examine these associations 
in participants in the Malmo Diet and Cancer Study 
(MDCS), a large prospective population based Swedish 
cohort study. A further aim was to examine whether 
these associations differ between men and women. 

Methods 

The Malmo Diet and Cancer Study 

The Malmo Diet and Cancer Study (MDCS) is a popu- 
lation-based prospective cohort study, forming part of the 
European Prospective Investigation into Cancer and Nu- 
trition (EPIC) [24] that enrolled 28098 individuals during 
baseline examinations between 1991 and 1996 [25]. 

The main purpose of the MDCS was to further investi- 
gate the associations between a Western diet rich in fat 
and low in fruit and vegetables and certain forms of can- 
cer. Participants in the MDCS and EPIC cohort include 



11063 men (39.4%) and 17035 women (60.6%) between 
44 and 74 years of age. Data on lifestyle, health and 
socio-demographic characteristics were collected via stan- 
dardized self-administered questionnaires. Ethical per- 
mission for the MDCS (LU 90-51) and the present study 
(LU 530-2008) was obtained from the Ethics Committee 
at Lund University. 

Anthropometric measurements 

At baseline examination, weight (multiples of 0.1 kg) and 
height (to the nearest 0.005 m) was measured by a trai- 
ned nurse, and body mass index (BMI) was calculated as 
kg/m 2 . Waist circumference was measured at the mid- 
point between the lower ribs and the iliac crest, and for 
hip circumference the level of greatest lateral extension 
was used. These measurements were estimated to the 
nearest 0.01 m. The waist and hip circumferences of each 
participant were used to calculate waist-hip ratio (WHR; 
cm/cm) as an additional measure of fat distribution. Bo- 
dy composition was estimated using a single frequency 
bio-impedance methodology (BIA 103, RLJ-systems, 
Detroit, MI, USA) with tetra polar electrode placement 
and subjects in a supine position. Lean body mass and fat 
mass were determined and served to calculate body fat 
percentage. The BIA method has previously been vali- 
dated in Swedish middle-aged and elderly adults [26]. 

Follow-up for cancer and cause-of-death 

Incident cases of invasive colorectal cancer in the MDCS 
were identified through the Swedish Cancer Registry and 
vital status was determined by record linkage with the 
Swedish Cause-of -Death Registry. End of follow-up was 
31 December 2009. Information on vital status and cause 
of death was obtained from the Swedish Cause of Death 
Registry until 31 December 2009. Time on study was de- 
fined as time from baseline to diagnosis, death or end 
of follow-up 31 December 2009. Median time from 
baseline until diagnosis was 8.6 (SD = 4.3) years and the 
median follow-up time in the entire cohort was 13.7 
(SD = 3.2) years. 

Study population 

Among the 28098 men and women in the cohort, there 
was a total number of 584 cases of incident colorectal 
cancer. Eight tumours were re-classified as tumour in 
situ (TIS), and these were not included as cases. A total 
number of 181 cases were diagnosed with CRC before 
baseline examination, i.e prevalent colorectal cancers, 
and therefore excluded from the study. Cases with other 
prevalent cancers were not excluded from the study. 

Tumour characteristics 

Patient and tumour characteristics in the cohort have been 
described in detail previously [27-30]. The distribution of 
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clinicopathological characteristics did not differ between all 
CRC cases in the MDCS (n = 626) and cases included in 
the EPIC cohort (n = 584) (data not shown). Of all incident 
CRC cases, 337 (59%) had tumours located in the colon 
and 216 (38%) had tumours located in the rectum. Cases 
with multiple synchronous location (n = 14), and cases with 
unknown location (n = 17) were excluded from the analysis 
related to tumour location. All tumours were histopatho- 
logically re-evaluated by a senior pathologist (KJ). Accord- 
ing to the TNM classification, 51 (9.7%) cases presented in 
T-stage 1, 62 (11.8%) in T-stage 2, 323 (61.3%) in T-stage 3 
and 82 (15.6%) in T-stage 4. Two hundred and ninety two 
(58.4%) cases presented with lymph node negative (NO) dis- 
ease, 124 (24.8%) had Nl (1-3 positive lymph nodes) and 
84 (16.8%) N2 (4 or more positive lymph nodes) disease. 
Four hundred and fifty (79.5%) patients did not have distant 
metastases (MO), and 116 (20.4%) had Ml disease. The dis- 
tribution of clinicopathological characteristics and prognos- 
tic factors as well as adjuvant and palliative treatment did 
not differ between men and women in the cohort [27]. 

Statistical methods 

Distribution of established and potential risk factors for 
CRC was compared between CRC cases and the rest of 
the study cohort. Anthropometric measurements were 
divided into quartiles. Separate quartiles were calculated 
for men and women for this analysis (Additional file 1). 
A Cox proportional hazards analysis was used in order 
to compare risk of colorectal cancer between different 
categories of anthropometric factors in both sexes, and 
for women and men separately. This yielded relative 
risks (RR) with a 95% confidence interval. Time on study 
was used as the underlying time scale, defined as time 
from baseline to diagnosis, death or end of follow-up 31 
December 2009. The proportional hazards assumption 
was confirmed by a log, - log plot [31]. In the multivari- 
ate Cox analysis potential confounders were included, 
i.e age (years), educational level (not completed school/ 
elementary school (6-8 years)/ "grundskola" (9-10 years)/ 
"studentexamen" (10-12 years)/ one year after "studen- 
texamen"/ university degree), smoking habits (yes regu- 
larly, yes occasionally, former smoker, never smoker), 
and alcohol consumption (g/day) (Table 1). All statistical 
analyses were conducted using SPSS version 16 (SPSS 
Inc., Chicago, IL, USA). A two- tailed p-value less than 
0.05 was regarded as statistically significant. 

Results 

Baseline characteristics 

The distribution of covariates and mean values for the 
anthropometric measures for men and women who 
developed CRC during follow-up (cases), and for those 
who did not (rest of cohort) is presented in Table 1. 
Cases were slightly older than the rest of cohort, and 



men were generally older than women in the rest of co- 
hort, but among cases men were slightly younger than 
women. Mean value for all anthropometric factors were 
higher in cases as compared to the rest of cohort. 
Among cases, 47.9% were men, and 52.1% women. 

Overall risk of colorectal cancer in relation to 
anthropometric factors 

As shown in Table 2, there was a statistically significant 
association between all anthropometric factors except 
bodyfat percentage and an increased risk of CRC in both 
sexes. In men, strong, statistically significant associations 
were seen for all factors except height. In women, BMI, 
hip and weight, but not the other anthropometric mea- 
sures, were associated with an increased risk of CRC. 

Relative risk of colorectal cancer in relation to T, N and 
M-stage 

As shown in Table 3, there were no associations between 
any of the anthropometric measures and T-stage 1 and 2. 
However, weight, hip, waist, BMI and WHR were strongly 
associated with an increased risk of tumours with T-stage 
3 and 4 in both sexes (Table 3). The associations between 
obesity and more advanced tumour stage (T-stage 3 
and 4) were more evident in men (Tables 4 and 5), with a 
significant relationship between all anthropometric fac- 
tors, except height, and more advanced T-stage in men, 
while this relationship was only significant for weight, 
bodyfat percentage and BMI in women (Tables 4 and 5). 
Regarding N-stage, there was an overall increased risk of 
Nl and N2-tumours for all anthropometric factors except 
bodyfat percentage and height (Table 3). Subgroup ana- 
lysis according to gender revealed that these associations 
were only statistically significant in men (Table 4) and not, 
except for bodyfat percentage, in women (Table 5). The 
overall associations between obesity and M-stage were 
stronger for M0 compared to Ml disease (Table 3). Simi- 
lar findings were seen among women, where no anthropo- 
metric factors were associated with Ml disease (Table 4), 
while in men, weight, waist and WHR were statistically 
significant associated with both M0 and Ml disease 
(Table 4). 

Relative risk of colon versus rectal cancer 

Separate analysis of risk of colon and rectal cancer 
demonstrated an overall increased risk of colon cancer 
for all anthropometric factors except for bodyfat percen- 
tage (Tables 6 and 7). Weight, hip, waist and BMI were 
significantly associated with an increased risk of rectal 
cancer. Among men, there was an increased risk of colon 
but not rectal cancer. In women, no association could be 
found between anthropometric factors and colon can- 
cer risk, but a statistically significant association was seen 
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Table 1 Distribution of risk factors in cases and rest of cohort 



Factor (number of subjects 
with information) 


Category 


CRC cases 
(n = 584) 


Cases, men 
(n = 280) 


Cases, women 
(n = 304) 


Rest of cohort 
(n = 27514) 


Men 
(n = 10783) 


Women 
(n = 16731) 


Percent* (mean and SD in italics) 


Age at baseline 


years 


6]. 8(6.8) 


6]. 7(6.7) 


62.1 (6.8) 


58.0f7.6J 


59.2(7.1) 


57.2(7.9) 


Education (28027) 


Not completed school 


0.9 


0.7 


0.9 


0.8 


0.8 


0.8 




6-8 years 


49.1 


48.5 


46.8 


41.0 


45.0 


36.1 




9-10 years 


22.4 


19.6 


22.8 


26.2 


19.6 


28.6 




10-12 years 


8.7 


10.4 


6.8 


8.9 


1 1.9 


6.6 




1 year university 


7.7 


6.8 


8.3 


8.7 


9.3 


7.9 




University degree 


10.8 


13.6 


7.7 


14.3 


13.2 


14.2 


Smoking status (28086) 


Regularly 


21.2 


18.9 


23.4 


23.8 


23.9 


22.5 




Occasionally 


3.4 


4.3 


2.6 


4.5 


4.8 


4.1 




Former smoker 


39.7 


51.8 


28.6 


33.7 


43.0 


26.2 




Never smoked 


35.6 


25.0 


45.4 


37.9 


28.3 


41.7 


Alcohol consumption 
(28098) 


g/day 


10.8(14.2) 


15.7/17.4) 


6.2(8.1) 


10.7(12.7) 


15.5(16.0) 


7.7(8.7) 


Heigh (28057)t 


cm 


169.5(8.9) 


176.3(6.4) 


163.3(5.5) 


168.6(8.8) 


176.4(6.6) 


163.6(6. 1) 


Weight (28056) 


kg 


76.6(14.2) 


83.8(12.6) 


70.0(12.2) 


73.4(13.6 


81.7(12. 1) 


68.0(1 1.7) 


Bodyfat percentage 
(27925) 


% 


26.9(7.1) 


21.5(5.0) 


31.9(4.8) 


26.8(7.0) 


20.7(5.0) 


30.8(5.0) 


Hip (28044) 


cm 


100.7(9.0) 


101.2(7.4) 


100.2(10.2) 


98.4(8.8) 


99.3(7.1) 


97.8(9.9) 


Waist (28045) 


cm 


87.9(13.7) 


96.3(10.7) 


80.1(11.3) 


84.1(14.5) 


93.7(12.5) 


77.9(12.1 


Bodymass index (28056) 


kg/m 2 


26.6(4.0) 


26.9(3.6) 


26.3(4.4) 


25.7(4.0) 


26.2(3.5) 


25.4(4.2) 


Waist-hip ratio (28043) 


cm/cm 


0.87(0.09) 


0.95(0.06 


0.80(0.05) 


0.85(0. 14) 


0.94(0.10 


0.80(0.14) 



between weight, bodyfat, hip, and waist and risk of rectal 
cancer (Tables 6 and 7). 

Among women, all anthropometric factors except 
height and WHR were significantly associated with risk 
of a more advanced T-stage in rectal but not colon can- 
cer, while there were no associations with risk of more 
advanced N-stage, neither in colon nor rectal cancer 
(data not shown). In addition, there was a significant as- 
sociation between height and Ml disease in colon but 
not rectal cancer in women (data not shown). In men, 
there were no associations between anthropometric fac- 
tors and risk of more advanced T-stage in rectal cancer, 
but in colon cancer, only height was associated with a 
statistically significant increased risk of T-stage 3 & 4 
disease (data not shown). Moreover, among men, there 
was a statistically significant increased risk of developing 
Nl-2 tumours related to height, weight, waist and hip in 
colon and to hip, BMI and WHR in rectal cancer, and a 
statistically significant association between BMI and Ml 
disease in colon but not rectum (data not shown). 

Discussion 

The results from this large prospective cohort study indi- 
cate that the association between obesity and risk of CRC 
varies by gender, cancer site and tumour aggressiveness. All 
anthropometric factors except bodyfat percentage were 



significantly associated with an increased risk of CRC in 
general, which corresponds well to previous findings 
[3,4,6,12,13,15,18,19,32]. When studying men and women 
separately, we found an increased risk of CRC for all an- 
thropometric variables, except for height, in men, which is 
also consistent with previous results [4-6,12,15,16]. How- 
ever, the finding of a stronger association of obesity and risk 
of being diagnosed with clinically more advanced CRC in 
men has, to our knowledge, not been demonstrated before. 
We also found an overall increased risk of CRC with obes- 
ity defined as weight, BMI and WHR in women, which has 
only been shown in a few previous studies [4,10,15,18,20]. 

To our knowledge, only two previous studies [13,18] 
have examined the associations between anthropometric 
factors and risk of CRC according to tumour aggressive- 
ness, as reflected in TNM-classification of the disease. 
These two studies examined the association between an- 
thropometry and risk of colon cancer according to late 
(Stage III and IV) vs early (Stage I and II) stage colon 
cancer in men and women, respectively, and neither 
found any statistically significant associations. 

We have thus been able to demonstrate an increased 
risk of more advanced tumours with increased anthro- 
pometric measures, particularly in men, among whom 
several anthropometric variables were significantly asso- 
ciated with risk of a more advanced T-stage, N2 disease, 
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Table 2 Anthropometric factors and relative risk of colorectal cancer in all cases, women and men 


Anthropometric 


(n) 


RR all 


(n) 


RR men 


(n) 


RR women 


factor (quartiles) 




n = 584 




n = 280 




n = 304 


Height 


127 


1.00 


60 


1.00 


58 


1.00 




130 


0.99(0.77-1.27) 


70 


1.28(0.91-1.82) 


99 


1.24(0.89-1.71) 




154 


1.17(0.92-1.49) 


75 


1.08(0.77-1.52) 


77 


1.33(0.95-1.88) 




173 


1.28(1.00-1.63) 


75 


1.28(0.90-1.82) 


68 


1.29(0.89-1.85) 


p-trend 




0.027 




0.327 




0.760 


Weight 


108 


1.00 


52 


1.00 


45 


1.00 




130 


1.23(0.95-1.59) 


67 


1.22(0.85-1.76) 


83 


1.58(1.10-2.27) 




150 


1.21(0.94-1.56) 


67 


1.25(0.87-1.80) 


83 


1.83(1.27-2.65) 




196 


1 61 (1 26-2 05) 


94 


1 78(1 26-2 52) 


92 


1 68(1 1 7-2 41) 

I ,VJD\ I.I/ Z_ . [ I J 


p-trend 




<0.001 




0.001 




0.007 


Bodyfatpercentage 


131 


1.00 


41 


1.00 


51 


1.00 




145 


1.07(0.84-1.36) 


58 


1.10(0.74-1.64) 


58 


1.09(0.74-1.59) 




122 


0.90(0.70-1.16) 


91 


1.25(0.87-1.82) 


81 


1.33(0.93-1.90) 




1 86 


1 06(0 84-1 34) 


88 


1 54(1 06-2 23) 


1 1 3 


1 30(0 92-1 82) 


p-trend 




0.858 




0.072 




0.086 


Hip 


96 


1.00 


47 


1.00 


45 


1.00 




118 


1.03(0.79-1.36) 


54 


1.08(0.73-1.60) 


70 


1.11(0.76-1.62) 




170 


1.43(1.1 1-1.84) 


86 


1.65(1.15-2.36) 


82 


1.27(0.88-1.84) 




200 


1 41 fl 1 0-1 81) 

I . i I ^ I . I \J I .D I J 


93 


1 48(1 03-2 1 1) 

I . iU ^ I . w -J Z_. I I J 


106 


1 ^g(0 97-1 99) 


P-trend 




0.001 




0.007 




0.042 


Waist 


94 


1.00 


52 


1.00 


44 


1.00 




140 


1.31(1.01-1.71) 


44 


0.75(0.50-1.12) 


71 


1.15(0.79-1.69) 




125 


1.03(0.78-1.35) 


84 


1.32(0.93-1.88) 


99 


1.46(1.02-2.08) 




225 


1 76(1 37-2 27) 


1 00 


1 65(1 1 7-2 31) 

I .U_>v I.I/ Z..J I J 


89 


1 29(0 89-1 86) 

I .z. jyu.oy I .(J\JJ 


P- trend 




<0.001 




<0.001 




0.114 


BMI 


99 


1.00 


64 


1.00 


48 


1.00 




124 


1.25(0.96-1.63) 


49 


0.73(0.50-1.06) 


82 


1.53(1.07-2.19) 




162 


1.22(0.94-1.57) 


67 


0.94(0.67-1.33) 


81 


1.43(1.00-2.05) 




199 


1.69(1.32-2.17) 


100 


1.61(1.17-2.22) 


92 


1.61(1.12-2.30) 


P-trend 




<0.007 




0.007 




0.027 


WHR 


124 


1.00 


66 


1.00 


77 


1.00 




127 


1.02(0.79-1.30) 


47 


0.99(0.68-1.44) 


65 


1.02(0.73-1.42) 




145 


1.06(0.83-1.36) 


81 


1.36(0.98-1.88) 


81 


1.04(0.76-1.43) 




187 


1.49(1.17-1.89) 


86 


1.64(1.19-2.28) 


80 


1.14(0.83-1.57) 


P-trend 




0.007 




0.007 




0.473 


Adjusted for age at baseline, level of education, smoking habits, alcohol consumption. 



and both MO and Ml -tumours. In women, several an- 
thropometric variables were associated with an increased 
risk of more advanced T-stage, but not node-positive 
disease. Furthermore, increased anthropometric mea- 
sures were only associated with non-metastatic (MO) dis- 
ease in women. Taken together, these findings suggest 
that overweight persons have an increased risk of deve- 
loping more advanced colorectal cancer forms, but that 
this risk may differ according to gender. 



Moreover, our findings provide further evidence of 
gender-related differences in tumour susceptibility of 
cancer in the colon and rectum, respectively, as we 
found a positive association between obesity and risk of 
developing colon cancer in men and rectal cancer in 
women. This has to our knowledge not been shown pre- 
viously, since only a few studies have examined risk of 
colon and rectal cancer separately. However, two previ- 
ous studies [4,14] have shown a positive relationship 
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Table 3 Anthropometric factors and relative risk of colorectal cancer of different T, N- and M stages in all cases 

Anthropometric (n) RR of (n) RR of (n) RR of (n) RR of (n) RR of (n) RR of 

factor (quartiles) T-stage 1&2 T-stage 3&4 N-stage 0 N-stage 1&2 M-stage 0 M-stage 1 

n=113 n=405 n=292 n=208 n=450 n=116 

Height 25 1.00 91 1.00 61 1.00 46 1.00 92 1.00 35 1.00 

26 0.97(0.56-1.68) 92 1.00(0.74-1.33) 68 1.10(0.78-1.57) 49 0.99(0.66-1.49) 109 1.12(0.83-1.47) 18 0.51(0.29-0.91) 

33 1.00(0.58-1.74) 102 1.12(0.83-1.49) 83 1.33(0.95-1.87) 38 0.80(0.51-1.23) 118 1.12(0.84-1.49) 26 0.76(0.45-1.28) 

29 1.06(0.61-1.85) 120 1.29(0.96-1.72) 80 1.24(0.87-1.77) 75 1.52(1.03-2.24) 132 1.32(0.98-1.78) 37 1.02(0.62-1.68) 
p-trend 0.807 0.060 0.153 0.055 0.037 0.678 
Weight 17 1.00 77 1.00 60 1.00 37 1.00 80 1.00 26 1.00 

38 2.21(1.24-3.93) 78 1.03(0.75-1.42) 66 1.11(0.78-1.58) 40 1.12(0.72-1.76) 111 1.09(0.84-1.41) 16 0.64(0.35-1.20) 

26 1.26(0.68-2.34) 109 1.24(0.92-1.66) 71 1.00(0.71-1.42) 55 1.34(0.88-2.03) 109 1.23(0.94-1.61) 36 1.22(0.73-2.04) 
32 1.52(0.83-2.78) 141 1.64(1.23-2.18) 95 1.35(0.97-1.89) 76 1.87(1.25-2.80) 151 1.61(1.25-2.09) 38 1.31(0.78-2.20) 

p-trend 0.673 <0.001 0.116 0.001 0.002 0.100 

Body fat percentage 25 1.00 86 1.00 71 1.00 37 1.00 96 1.00 31 1.00 

27 1.10(0.61-1.82) 104 1.17(088-1.56) 67 0.92(0.66-1.29) 61 1.56(1.04-2.35) 115 1.13(0.72-1.79) 28 0.88(0.53-1.46) 
25 1.04(0.59-1.84) 82 0.92(0.67-1.25) 61 0.86(0.61-1.22) 42 1.07(0.68-1.67) 1.24(0.82-1.88) 24 0.75(0.44-1.30) 
36 1.21(0.71-2.06) 133 1.13(0.85-1.50) 93 0.99(0.72-1.37) 68 1.36(0.90-2.05) 91 1.17(0.80-1.70) 0.76(0.45-1.27) 

p-trend 0.498 0.706 0.948 0.460 149 0.483 33 0.267 

Hip 19 1.00 65 1.00 56 1.00 30 1.00 74 1.00 22 1.00 

21 0.92(0.49-1.71) 53 1.02(0.74-1.42) 53 0.77(0.54-1.15) 41 1.18(0.74-1.90) 93 1.08(0.80-1.44) 18 0.68(0.37-1.27) 

32 1.30(0.73-2.32) 119 1.48(1.09-2.01) 84 1.18(0.84-1.67) 61 1.74(1.12-2.71) 122 1.47(1.11-1.93) 41 1.52(0.90-2.56) 

41 1.46(0.84-2.55) 142 1.46(1.08-1.98) 99 1.17(0.84-1.63) 1.80(1.17-2.77) 162 1.52(1.18-1.95) 35 1.04(0.60-1.79) 

p-trend 0.077 0.002 0.089 0.002 0.001 0.323 

Waist 19 1.00 62 1.00 49 1.00 33 1.00 70 1.00 21 1.00 

1.45(0.81-2.60) 91 1.28(0.93-1.78) 71 1.23(0.85-1.78) 45 1.23(0.79-1.94) 109 0.81(0.60-1.09) 23 0.95(0.52-1.71) 

31 0.98(0.53-1.81) 85 1.06(0.76-1.48) 57 0.85(0.58-1.26) 44 1.09(0.69-1.73) 97 1.38(1.07-1.79) 25 0.90(0.50-1.63) 
25 1.36(0.75-2.43) 167 2.00(1.49-2.72) 115 1.60(1.13-2.27) 86 2.10(1.38-3.18) 175 1.70(1.32-2.19) 47 1.63(0.96-2.80) 

p-trend 38 0.596 <0.001 0.022 0.001 <0.001 0.049 

BMI 22 1.00 64 1.00 51 1.00 34 1.00 74 1.00 23 1.00 

28 1.22(0.69-2.15) 78 1.22(0.87-1.70) 69 1.33(0.92-1.92) 39 1.18(0.75-1.88) 99 1.19(0.91-1.56) 21 0.93(0.51-1.68) 

32 1.05(0.60-1.81) 111 1.29(0.94-1.75) 73 1.03(0.72-1.48) 59 1.34(0.87-2.65) 127 1.10(0.83-1.45) 29 0.95(0.55-1.65) 
31 1.16(0.66-2.03) 152 1.97(1.46-2.66) 99 1.56(1.10-2.20) 76 1.98(1.31-2.99) 151 1.63(1.27-2.10) 43 1.59(0.95-2.67) 

p-trend 0.773 <0.001 0.043 0.001 <0.001 0.063 

WHR 28 1.00 81 1.00 65 1.00 43 1.00 101 1.00 20 1.00 

25 0.90(0.52-1.56) 87 1.05(0.78-1.43) 58 0.85(0.60-1.22) 48 1.14(0.75-1.72) 91 1.01(0.73-1.41) 29 1.40(0.79-2.48) 

30 0.91(0.54-1.55) 97 1.10(0.81-1.48) 83 1.10(0.79-1.53) 39 0.88(0.56-1.36) 117 1.23(0.92-1.64) 26 1.20(0.66-2.16) 
30 0.89(0.51-1.56) 139 1.74(1.30-2.33) 86 1.19(0.84-1.67) 77 1.95(1.32-2.89) 141 1.58(1.19-2.09) 41 2.10(1.20-3.69) 

p-trend 0.707 <0.001 0.176 0.003 0.013 0.017 

Adjusted for age, level of education, smoking habits and alcohol consumption. 



between BMI, overweight and rectal cancer risk in men, 
which is in contrast to our findings. Moreover, subgroup 
analysis related to risk of more advanced disease in 
colon and rectal cancer, respectively, also revealed a 
more pronounced association between anthropometric 
factors and risk of advanced disease in men. 

Body weight or BMI have been the most common- 
ly used anthropometric measurements to examine the 



associations of obesity and colorectal cancer risk in previ- 
ous studies, the majority of which have shown a positive 
relationship between BMI and risk of CRC in men, but 
week or no associations in women [3-16]. However, these 
measurements may not be ideal because of the changes 
in physiologic functions that to a certain extent depend 
on regional adipose tissue distribution [33]. Some pros- 
pective studies have examined the association of body fat 



Brandstedt et a I. Biology of Sex Differences 2012, 3:23 
http://www.bsd-journal.eom/content/3/1/23 



Page 7 of 1 3 



Table 4 Anthropometric factors and relative risk of colorectal cancer of different T , N and M stages in men 

Anthropometric (n) RR of (n) RR of (n) RR of (n) RR of (n) RR of (n) RR of 

factor (quartiles) T-stage 1&2 T-stage 3&4 N-stage 0 N-stage 1&2 M-stage 0 M-stage 1 

n=50 n=199 n=140 n=102 n=214 n=60 

Height 9 1.00 48 1.00 37 1.00 16 1.00 49 1.00 11 1.00 

11 1.24(0.51-3.01) 47 1.09(0.73-1.63) 34 1.02(0.64-1.62) 21 1.42(0.74-2.72) 51 1.14(0.77-1.69) 17 1.75(0.82-3.74) 

18 1.56(0.69-3.49) 47 0.87(0.58-1.31) 31 0.74(0.46-1.21) 33 1.72(0.94-3.14) 58 1.02(0.69-1.50) 13 1.07(0.48-2.40) 

12 1.13(0.47-2.75) 57 1.29(0.87-1.91) 38 1.10(0.69-1.77) 32 1.93(1.04-3.56) 56 1.16(0.78-1.73) 19 1.94(0.90-4.16) 
p-trend 0.677 0.406 0.978 0.029 0.600 0.226 
Weight 13 1.00 33 1.00 32 1.00 11 1.00 43 1.00 9 1.00 

11 0.77(0.34-1.72) 51 1.48(0.95-2.29) 34 1.00(0.62-1.62) 26 2.23(1.10-4.53) 48 1.05(0.69-1.58) 18 2.02(0.90-4.51) 

12 0.82(0.37-1.82) 47 1.41(0.90-2.20) 35 1.06(0.65-1.72) 24 2.06(1.01-4.22) 56 1.25(0.83-1.86) 11 1-31(0.54-3.17) 

14 0.90(0.42-1.96) 68 2.09(1.37-3.19) 39 1.19(0.74-1.91) 41 3.58(1.82-7.01) 67 1.50(1.02-2.22) 22 2.75(1.25-6.04) 
p-trend 0.867 0.001 0.448 <0.001 0.023 0.032 

Body fat percentage 8 1.00 29 1.00 24 1.00 10 1.00 30 1.00 10 1.00 

9 0.89(0.34-2.32) 40 1.07(0.66-1.72) 30 0.96(0.56-1.65) 18 1.41(0.65-3.05) 44 1.13(0.71-1.81) 11 0.87(0.37-2.04) 

19 1.36(0.59-3.12) 62 1.21(0.78-1.88) 43 0.99(0.60-1.63) 36 2.06(1.02-4.17) 70 1.31(0.85-2.01) 20 1.16(0.54-2.48) 

13 1.14(0.47-2.76) 67 1.66(1.07-2.57) 42 1.22(0.74-2.02) 37 2.69(1.33-5.43) 69 1.64(1.06-2.52) 18 1.33(0.61-2.89) 
0.547 0.011 0.390 <0.001 0.013 0.332 

Hip 9 1.00 32 1.00 32 1.00 8 1.00 36 1.00 11 1.00 

13 1.36(0.58-3.18) 32 0.95(0.58-1.55) 26 0.77(0.46-1.29) 18 2.12(0.92-4.88) 44 1.15(0.74-1.79) 7 0.62(0.241.60) 

11 1.11(0.46-2.69) 67 1.89(1.23-2.89) 38 1.06(0.66-1.70) 37 4.20(1.95-9.05) 61 1.52(1.00-2.30) 23 1.99(0.96-4.12) 

17 1.37(0.60-3.13) 68 1.58(1.04-2.44) 44 1.02(0.64-1.62) 39 3.65(1.70-7.88) 73 1.50(1.00-2.25) 19 1.39(0.65-2.95) 
p-trend 0.577 0.003 0.619 <0.001 0.025 0.102 

Waist 12 1.00 34 1.00 32 1.00 11 1.00 41 1.00 10 1.00 

11 0.80(0.35-1.83) 27 0.71(0.43-1.17) 20 0.55(0.31-0.96) 16 1.30(0.61-2.81) 33 0.71(0.45-1.12) 9 0.81(0.33-1.99) 

12 0.80(0.36-1.79) 63 1.53(1.00-2.32) 44 1.10(0.70-1.74) 31 2.34(0.65-2.30) 67 1.32(0.90-1.96) 17 1.47(0.67-3.23) 

15 1.00(0.46-2.16) 75 1.90(1.26-2.87) 44 1.13(0.72-1.80) 44 3.51(1.80-6.83) 73 1.50(1.02-2.22) 24 2.18(0.04-4.60) 
p-trend 0.966 <0.001 0.155 <0.001 0.002 0.009 

BMI 16 1.00 39 1.00 37 1.00 17 1.00 50 1.00 14 1.00 

11 0.65(0.30-1.42) 35 0.86(0.54-1.35) 24 0.61(0.36-1.02) 21 1.19(0.63-2.26) 41 0.77(0.51-1.17) 8 0.57(0.24-1.37) 

10 0.54(0.24-1.20) 48 1.11(0.73-1.71) 33 0.78(0.48-1.25) 23 1.22(0.65-2.30) 48 0.85(0.57-1.26) 18 1.27(0.62-2.57) 

0.78(0.37-1.64) 77 2.04(1.38-3.03) 46 1.22(0.79-1.91) 41 2.51(1.41-4.46) 75 1.51(1.05-2.17) 20 1.62(0.80-3.24) 

p-trend 0.420 <0.001 0.218 0.001 0.015 0.058 

WHR 14 1.00 44 1.00 43 1.00 16 1.00 53 1.00 14 1.00 

10 0.96(0.43-2.17) 32 1.02(0.65-1.61) 23 0.78(0.47-1.31) 17 1.49(0.75-2.96) 38 0.99(0.65-1.50) 7 0.71(0.29-1.76) 

18 1.35(0.67-2.73) 55 1.39(0.93-2.07) 34 0.90(0.57-1.43) 35 2.49(1.38-4.51) 59 1.22(0.84-1.77) 19 1.53(0.77-3.06) 
8 0.65(0.27-1.56) 68 1.98(1.35-2.91) 43 1.29(0.83-1.99) 34 2.76(1.52-5.04) 64 1.50(1.03-2.17) 20 1.88(0.94-3.76) 

p-trend 0.631 <0.001 0.251 <0.001 0.021 0.028 

Adjusted for age, level of education, smoking habits and alcohol consumption. 



distribution, reflected as waist- and hip circumference, 
and colorectal cancer risk [6,8,12,13,18-22], but available 
epidemiologic evidence suggests that abdominal obesity 
(high waist circumference and waist-hip-ratio) may be 
more predictive of colorectal cancer risk than overall 
obesity [6,8,12,13,18]. Increased bodyweight has been sug- 
gested to be more closely related to abdominal obesity in 
men, and to gluteofemoral obesity in women [17]. 



The exact biologic mechanisms underlying the asso- 
ciation between obesity and increased risk of CRC are 
not fully understood. Some authors have suggested 
components of the metabolic syndrome, in particular 
insulin-resistance and subsequent hyperinsulinemia, to 
be the underlying link, which may reflect the growth- 
promoting effects of insulin [32,34]. These speculations 
are also supported by studies that found an increased 
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Table 5 Anthropometric factors and relative risk of colorectal cancer of different T , N and M stages in women 



Anthropometric 
factor (quartiles) 


(n) 


RR of 

Tstage 1&2 
n=63 


(n) 


RR of 

Tstage 3&4 
n=205 


(n) 


RR of 
N-stage 0 
n=150 


(n) 


RR of 

N-stagel & 2 
n=105 


(n) 


RR of 
M-stage 0 
n=236 


(n) 


RR of 
M-stage 1 
n=56 


Height 


11 


1.00 


43 


1.00 


32 


1.00 


21 


1.00 


45 


1.00 


14 


1.00 




20 


1 .40(0.67-2.94) 


69 


1.18(0.80-1.73) 


49 


1.16(0.74-1.82) 


33 


1.12(0.64-1.93) 


74 


1.23(0.85-1.79) 


24 


1.18(0.61-2.31) 




15 


1.43(0.65-3.14) 


54 


1.29(0.86-1.94) 


36 


1.20(0.74-1.95) 


34 


1 .53(0.88-2.66) 


67 


1.53(1.04-2.24) 


8 


0.56(0.23-1.35) 




17 


1.81(0.81-4.00) 


39 


1.02(0.65-1.60) 


35 


1.33(0.80-2.19) 


17 


0.81(0.42-1.57) 


50 


1.23(0.81-1.87) 


10 


0.77(0.33-1.78) 


p-trend 




0.768 




0.787 




0.274 




0.925 




0.784 




0.233 


Weight 


8 


1.00 


31 


1.00 


23 


1.00 


18 


1.00 


32 


1.00 


12 


1.00 




16 


1.71(0.73-4.00) 


54 


1 .49(0.96-2.32) 


39 


1.45(0.88-2.46) 


30 


1 .40(0.78-2.52) 


62 


1.66(1.09-2.55) 


19 


1 .34(0.65-2.76) 




22 


2.67(1.18-6.07) 


54 


1.74(1.18-2.72) 


43 


1.90(1.14-3.16) 


27 


1.51(0.83-2.74) 


71 


2.21(1.45-3.37) 


7 


0.59(0.23-1.49) 




1 7 


1 85(0 79-4 32) 


66 


1 70(1 10-2 62) 

1 ./ \J\ l . 1 \J Z_ ,VJZ_ J 


47 


1 69(1 02-2 80) 


30 


1 35(0 75-2 43) 


71 


1 85(2121-281) 


18 


1 16(0 55-2 45) 


p-trend 




0.114 




0.018 




0.034 




0.367 




0.004 




0.865 


Body fat percentage 


11 


1.00 


28 


1.00 


26 


1.00 


14 


1.00 


37 


1.00 


10 


1.00 




15 


1.25(0.57-2.77) 


37 


1 .26(0.77-2.07) 


31 


1.13(0.67-1.91) 


18 


1 .29(0.64-2.60) 


44 


1.13(0.72-1.76) 


11 


1 .07(0.45-2.52) 




15 


1.1 1(0.51-2.45) 


57 


1.71(1.08-2.69) 


40 


1.25(0.76-2.05) 


31 


1.98(1.05-3.74) 


66 


1.50(1.00-2.25) 


13 


1.09(0.47-2.51) 




22 


1.15(0.55-2.42) 


83 


1 .71 (1 .1 1-2.66) 


55 


1 .1 7(0.73-1 .90) 


42 


1.92(1.03(3.57) 


89 


1.42(0.96-2.1 1) 


22 


1 .26(0.58-2.72) 


p-trend 




0.840 




0.009 




0.576 




0.027 




0.046 




0.539 


Hip 


10 


1.00 


28 


1.00 


23 


1.00 


18 


1.00 


32 


1.00 


12 


1.00 




11 


0.77(0.33-1.83) 


49 


1.25(0.79-2.00) 


36 


1.12(0.66-1.90) 


22 


0.88(0.47-1.65) 


56 


1.27(0.82-1.97) 


11 


0.62(0.27-1.41) 




18 


1.18(0.53-2.60) 


55 


1.38(0.87-2.19) 


38 


1.14(0.67-1.93) 


29 


1.20(0.66-2.17) 


60 


1 .32(0.85-2.04) 


17 


0.95(0.45-2.01) 




24 


1 .44(0.68-3.07) 


73 


1.51(0.97-2.36) 


35 


1 .38(0.84-2.28) 


36 


1 .24(0.70-2.22) 


88 


1.67(1.1 1-2.53) 


16 


0.70(0.32-1.52) 


p-trend 




0.749 




0.066 




0.784 




0.259 




0.072 




0.647 


Waist 


9 


1.00 


32 


1.00 


24 


1.00 


18 


1.00 


32 


1.00 


12 


1.00 




13 


0.95(0.40-2.26) 


43 


0.97(0.61-1.55) 


34 


0.99(0.58-1.68) 


22 


0.93(0.50-1.74) 


54 


1.20(0.77-1.87) 


11 


0.67(0.30-1.53) 




22 


1 .53(0.70-3.34) 


67 


1 .36(0.89-2.08) 


47 


1.23(0.75-2.01) 


37 


1.41(0.80-2.50) 


79 


1.61(1.06-2.43) 


16 


0.86(0.40-1.83) 




19 


1 .33(0.59-2.97) 


63 


1.23(0.80-1.90) 


47 


1.17(0.71-1.94) 


28 


1 .08(0.59-2.00) 


71 


1.43(0.94-2.19) 


17 


0.86(0.40-1.85) 


p-trend 




0.293 




0.767 




0.375 




0.497 




0.054 




0.933 


BMI 


10 


1.00 


30 


1.00 


25 


1.00 


16 


1.00 


35 


1.00 


11 


1.00 




16 


1.36(0.61-3.03) 


54 


1.62(1.03-2.53) 


39 


1 .38(0.83-2.30) 


32 


1.86(1.02-3.40) 


32 


1.60(1.06-2.43) 


15 


1.23(0.57-2.70) 




19 


1 .58(0.73-3.42) 


53 


1 .49(0.95-2.34) 


39 


1.30(0.78-2.15) 


25 


1 .38(0.73-2.60) 


65 


1.58(1.04-2.40) 


11 


0.83(0.36-1.94) 




18 


1.56(0.71-3.45) 


68 


1.84(1.18-2.86) 


49 


1 .58(0.96-2.60) 


32 


1 .76(0.95-3.25) 


73 


1.77(1.17-2.67) 


19 


1 .38(0.64-2.98) 


p-trend 




0.259 




0.077 




0.707 




0.205 




0.076 




0.592 


WHR 


17 


1.00 


50 


1.00 


40 


1.00 


25 


1.00 


66 


1.00 


14 


1.00 




15 


1.11(0.55-2.24) 


41 


0.98(0.65-1.48) 


35 


1.04(0.66-1.64) 


22 


1.04(0.59-1.85) 


54 


1.07(0.74-1.54) 


9 


0.78(0.34-1.80) 




15 


0.90(0.44-1.82) 


57 


1.11(0.76-1.64) 


33 


0.78(0.49-1.24) 


34 


1 .38(0.82-2.32) 


55 


0.90(0.62-1.30) 


20 


1 .38(0.69-2.76) 




16 


1.01(0.53-2.12) 


57 


1.24(0.84-1.82) 


44 


1.15(0.74-1.78) 


24 


1.10(0.63-1.94) 


66 


1.18(0.83-1.68) 


13 


1 .07(0.50-2.30) 


p-trend 




0.972 




0.220 




0.876 




0.488 




0.550 




0.525 



Adjusted for age, level of education, smoking habits and alcohol consumption. 



risk of CRC in patients with Type 2 diabetes [35-37], as 
hyperinsulinemia is also related to increased levels of 
insulin-like growth factor 1, which is known to have 
cancer promoting effects [38-40]. Further potential med- 
iators include leptin, elevated serum levels of which have 
been demonstrated to stimulate growth of colonic epi- 
thelial cells [41-43], and adinopectin, that is secreted 
from visceral adipose tissue, correlates inversely to BMI, 



and has been demonstrated to have antiangionenic and 
antitumour activities [44,45]. Obesity, in particular ab- 
dominal obesity, is linked to insulin-resistance, hyperin- 
sulinemia and Type 2 diabetes [46]. 

Several epidemiological studies have shown that ele- 
vated levels of estrogen and progesterone is associated 
with lower risk of developing CRC [47-49]. Recent stud- 
ies found no reduced risk of CRC in women with higher 
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Table 6 Anthropometric factors and relative risk of colon cancer in the full cohort, women and men 


Anthropometric 


(n) 


RR all 


(n) 


RR men 


(n) 


RR women 


factor (quartiles) 




n=337 




n=157 




n=180 


Height 


76 


1.00 


32 


1.00 


37 


1.00 




77 


1.02(0.74-1.40) 


37 


1 .27(0.79-2.04) 


59 


1.23(0.81-1.86) 




82 


1.10(0.80-1.52) 


40 


1.07(0.67-1.72) 


44 


1.31(0.84-2.04) 




102 


1.37(1.00-1.88) 


48 


1 .52(0.96-2.42) 


40 


1.33(0.83-2.12) 


p-trend 




0.047 




0.737 




0.227 


Weight 


65 


1.00 


27 


1.00 


31 


1.00 




72 


1.11(0.79-1.56) 


38 


1.33(0.81-2.19) 


43 


1.18(0.74-1.88) 




91 


1.23(0.89-1.70) 


39 


1 .40(0.86-2.30) 


51 


1.59(1.01-2.00) 




109 


1 SI fl 1 0-2 07) 

I ..J 1 \ 1 , 1 U Z-.\J / J 


53 


i ..yvj^ i .z_z_ .j. i iy 


55 


1 39(0 R9-2 1 7) 

I .^)J\\J.KJJ Z_. I / J 


p-trend 




0.007 




0.005 




0.088 


Body fat percentage 


72 


1.00 


24 


1.00 


30 


1.00 




84 


1.09(0.79-1.49) 


34 


1.10(0.65-1.86) 


38 


1.14(0.70-1.85) 




77 


1.00(0.72-1.39) 


44 


1.05(0.64-1.73) 


44 


1.15(0.72-1.83) 




1 07 


1 04(0 76-1 41) 


54 


1 64(1 01-? 67) 


68 


1 1 9(0 77-1 85) 


p-trend 




0.880 




0.039 




0.470 


Hip 


59 


1.00 


29 


1.00 


30 


1.00 




66 


0.92(0.65-1.31) 


23 


0.74(0.43-1.28) 


39 


0.89(0.55-1.43) 




99 


1.31(0.94-1.82) 


49 


1.51(0.95-2.40) 


54 


1.15(0.73-1.82) 




1 1 3 


1 7V0 8Q-1 70) 


56 


1 Alio 90-? 74) 


68 


1 00(0 63-1 57) 


p-trend 




0.049 




0.079 




0.725 


Waist 


60 


1.00 


27 


1.00 


31 


1.00 




76 


1.12(0.79-1.58) 


22 


0.72(0.41-1.27) 


38 


0.83(0.51-1.35) 




71 


0.92(0.65-1.31) 


51 


1.57(0.98-2.50) 


58 


1.15(0.74-1.79) 




1 30 


1 63(1 1 9,-1 74) 


57 




53 


0 98(0 67-1 55) 


p-trend 




0.003 




<0.001 




0.671 


Bmi 


56 


1.00 


33 


1.00 


30 


1.00 




65 


1.13(0.79-1.63) 


29 


0.85(0.51-1.40) 


40 


1.13(0.70-1.82) 




106 


1.39(1.00-1.93) 


40 


1.10(0.69-1.76) 


57 


1 .52(0.97-2.37) 




110 


1.61(1.16-2.24) 


55 


1.78(1.14-2.74) 


53 


1.33(084-2.10) 


p-trend 




0.007 




0.004 




0.734 


Whr 


73 


1.00 


32 


1.00 


48 


1.00 




77 


1.05(0.76-1.45) 


24 


1.06(0.63-1.81) 


33 


0.85(0.54-1.32) 




75 


0.96(0.69-1.33) 


52 


1.84(1.18-2.87) 


51 


1.10(0.71-1.58) 




112 


1.61(1.18-2.20) 


49 


2.01(1.28-3.16) 


48 


1.9(0.72-1.64) 


p-trend 




0.005 




<0.007 




0.509 


Adjusted for age, level of education, smoking habits and alcohol consumption. 



levels of estradiol and estrone, suggesting that progester- 
one is the key factor for reduction of CRC risk in women 
[50-52]. Use of hormone replacement therapy (HRT) in 
post-menopausal women could in part explain sex- 
related differences in the association between adiposity 
and CRC risk, as BMI is positively associated with circu- 
lating levels of estradiol in postmenopausal women and 
HRT has been associated with a reduced risk of CRC 
in observational and interventional studies [53-56]. The 



associations between sex hormones and risk of CRC in 
men is poorly understood, but two studies have sup- 
ported the hypothesis that lower androgenecity may in- 
crease mens risk of developing CRC [57,58]. Lower 
androgen levels seem to be more frequent in obese men, 
and treatment with testosterone reduces insulin resist- 
ance, suggesting a role of androgens in promoting insu- 
line sensitivity and hereby one possible mechanism in 
the development of CRC. 
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Table 7 Anthropometric factors and relative risk of rectal cancer in the full cohort, women and men 


Anthropometric 


(n) 


RR all 


(n) 


RR men 


(n) 


RR women 


factor (quartiles) 




n=213 




n=107 




n=106 


Height 


46 


1.00 


26 


1.00 


19 


1.00 




46 


0.93(0.61-1.40) 


27 


1.13(0.66-1.93) 


37 


1 .36(0.78-2.37) 




61 


1.22(0.83-1.81) 


28 


0.93(0.55-1.60) 


27 


1.31(0.72-2.37) 




61 


1.16(0.78-1.74) 


26 


1.03(0.59-1.80) 


23 


1.18(0.63-2.21) 


p-trend 




0.273 




0.902 




0.713 


Weight 


37 


1.00 


24 


1.00 


12 


1.00 




52 


1.45(0.95-2.21) 


26 


1.04(0.60-1.82) 


33 


2.36(1.22-4.58) 




54 


1.27(0.83-1.94) 


26 


1.06(0.60-1.85) 


27 


2.34(1.18-4.62) 




71 


1 68(1 12-2 53) 


31 


1 26(0 73-2 16) 


34 


9 46(1 1J-AJJ) 

Z_ . [ VJ^ 1 ,Z_ / I . / / J 


p-trend 




0.029 




0.411 




0.022 


Body fatper centage 


51 


1.00 


15 


1.00 


15 


1.00 




55 


1.03(0.70-1.50) 


19 


0.98(0.50-1.94) 


18 


1.26(0.63-2.51) 




38 


0.73(0.48-1.12) 


44 


1.64(0.91-2.95) 


33 


2.05(1.10-3.80) 




70 


1 05(0 72-1 53) 


28 


1 31(0 70-2 47) 


40 


1 R3(1 00-3 37) 


p-trend 




0.956 




0.173 




0.026 


Hip 


33 


1.00 


17 


1.00 


13 


1.00 




43 


1.13(0.72-1.78) 


26 


1 .48(0.80-2.73) 


26 


1 .52(0.78-2.97) 




61 


1.59(103-2.44) 


31 


1.71(0.94-3.10) 


24 


1.45(0.74-2.88) 




77 


1 69(1 1 2-2 57) 


33 


1 52(0 84-2 76) 


43 


2 30(1 22-4 34) 


p-trend 








0.180 




a 009 


Waist 


31 


1.00 


23 


1.00 


10 


1.00 




53 


1 .50(0.96-2.34) 


18 


0.70(0.38-1.30) 


29 


2.24(1.09-4.60) 




48 


1.21(0.76-1.91) 


32 


1.14(0.67-1.96) 


34 


2.38(1.17-4.83) 




82 


1 96(1 27-3 00) 

I .J\J\ I .Z./ U.\J\JJ 


34 


1 26(0 74-2 1 69 


33 


?ZRd 1Q_4QCA 
z.t^j^ i . i .7 ^.yo) 


p-trend 




0.005 




0.160 




0.032 


Bmi 


39 


1.00 


30 


1.00 


15 


1.00 




50 


1.31(0.86-1.99) 


18 


0.57(0.32-1.03) 


35 


2.22(1.21-4.08) 




51 


0.99(0.65-1.51) 


24 


0.72(0.42-1.23) 


22 


1.34(0.69-2.61) 




74 


1.62(1.09-2.42) 


35 


1.16(0.70-1.91) 


34 


2.17(1.17-4.04) 


p-trend 




0. 044 




0.407 




0.093 


Whr 


44 


1.00 


33 


1.00 


29 


1.00 




43 


0.96(0.63-1.47) 


21 


0.86(0.50-1.49) 


28 


1 .36(0.79-2.34) 




64 


1.31(0.89-1.94) 


24 


0.77(0.45-1.31) 


25 


1.02(0.58-1.79) 




62 


1.32(0.88-1.99) 


29 


1.04(0.62-1.72) 


29 


1.35(0.79-2.34) 


p-trend 




0.082 




0.952 




0.475 


Adjusted for age, level of education, smoking habits and alcohol consumption. 



In agreement with most previous reports, we found a 
stronger association between body size and risk of colon 
compared to rectal cancer in general, in particular in 
men [4], In line with these findings, a meta-analysis 
showed that physical activity, which is related to 
improved insulin sensitivity [59,60], was associated with 
a reduced risk of colon cancer, but not of rectal cancer 
[61]. This may suggest that insulin resistance, hyperinsu- 
linemia and other factors related to obesity are stronger 



risk factors for colon than rectal cancer. Several pro- 
spective studies reported that circulating C-peptide 
[39,42,62,63] and leptin [42,43] concentrations were 
more strongly associated with risk of colon cancer than 
overall colorectal cancer or rectal cancer. Our findings 
of a significant association between high weight, body- 
fat percentage, hip and waist, and an increased risk of 
rectal cancer in women but not men are in contrast to 
most previous studies, including a large meta-analysis 
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demonstrating a statistically significant association be- 
tween obesity and an increased risk of rectal cancer in 
men [4]. While these findings indeed suggest differences 
in tumour susceptibility related to location, the potential 
mechanisms accounting for these differences need fur- 
ther investigation. 

A limitation to the present study is the relatively small 
number of cases in some subgroups, i.e. it is possible 
that some of the non- significant findings in relation to 
gender or tumour stages may have been caused by a po- 
tential type II error. Therefore, these data need to be 
validated in larger patient cohorts. It should also be 
pointed out that since mean age at diagnosis was >70 
years for women [27], interpretations relying on sex as 
evidence for influence of sex hormones must be made 
with caution until further knowledge has been gained. 
To this end, future studies are warranted to explore the 
effects of e.g. hormone replacement therapy on clinico- 
pathological factors, molecular correlates and survival 
from CRC. 

Certain methodological aspects need further attention. 
The validity of the anthropometric measurements is one 
aspect as there may be a potential inter-observer vari- 
ation. Recommendations for the nurses performing base- 
line examinations described how participants should be 
dressed, in which position the participants should be 
examined, and location for the estimation of waist- and 
hip measurements. We therefore consider the risk of 
misclassification of anthropometric measurements to be 
low. In contrast, most previous studies have used self- 
reported anthropometric measures. 

It is also possible that participation in the MDCS was 
associated with body constitution, which may have lead 
to potential selection bias. In a previous paper, Manjer 
et al [25] compared BMI in the MDCS in relation to the 
background population, and found an equal distribution 
of overweight/obesity. 

Another aspect is the validity of collected data. As an- 
thropometric data was assessed only at baseline, it is 
possible that some individuals have gained and some 
have lost weight. Such a misclassification is likely to lead 
to an attenuation of risks and, if anything, observed risks 
may be underestimated. 

In addition, it might be difficult to apply incidence 
rates from the MDCS to the background population as 
participants may to some degree have been selected in 
terms of socio-economic factors and risk of CRC. Never- 
theless, we consider it possible to make internal compar- 
isons comparing subjects with high versus low levels of 
the study measurements in order to obtain relative risks. 

Conclusion 

This study is the first to show a relationship between 
obesity, measured as several different anthropometric 



factors, and an increased risk of colorectal cancer of 
more advanced clinical stage, in particular in men. These 
findings need to be confirmed in future studies, as they 
may be of importance in the development of novel strat- 
egies for prevention of the disease, such as tailored 
screening programmes taking sex and anthropometric 
factors into account. 

Additional file 



Additional file 1: Distribution of quartiles of anthropometric 
measurements. 
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